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Background/aims: Quantitative data regarding the impact of
neovascular age-related macular degeneration (NV-AMD) on
individuals and society is a prerequisite for rational decision-
making processes when evaluating alternative treatments for
the disease.
Methods: 75 bilateral NV-AMD (patients) and 91 elderly non-
AMD (controls) subjects forming the UK cohort of an
international cross-sectional, observational study were inde-
pendently analysed. Subjects completed a telephone survey
including the National Eye Institute Visual Function
Questionnaire (NEI-VFQ-25), the EuroQol (EQ-5D), the
Hospital Anxiety and Depression Scale (HADS), history of falls
and health resource utilisation.
Results: Patients with NV-AMD reported substantially worse
vision-related functioning and overall well-being, including
higher depression scores, than controls after adjusting for age,
gender and co-morbidities (adjusted mean scores: NEI-VFQ-25
overall 52.7 vs 90.7, p,0.0001; EQ-5D 0.67 vs 0.77,
p = 0.0273; HADS depression 6.8 vs 4.0, p = 0.0026).
Significantly more patients reported a need for assistance with
daily activities compared with controls (25.3% vs 6.6%,
p = 0.003). Total annual healthcare utilisation costs were more
than sevenfold higher for patients with AMD compared with
controls (£3,823.89 vs £517.05, respectively; p,0.0001)
Conclusions: Patients with NV-AMD show a significant decline
in quality of life and increased need for daily living assistance
compared to a control population without AMD. With the
availability of effective new therapies there is a need for
improved early access to treatment.

A
ge-related macular degeneration (AMD) is the leading
cause of blindness in people over 65 years of age.1 Around
1.7% of individuals aged over 50 years of age have end

stage (blinding) AMD, with the incidence rising substantially
with age.2 Neovascular (‘‘wet’’) AMD (NV-AMD) represents
around 15% of cases of AMD,3 and arises due to abnormal
angiogenesis beneath the retina (choroidal neovascularisation),
and within the retina (retinal angiomatous proliferation).4 NV-
AMD is more sight-threatening than the geographic (‘‘dry’’)
type, accounting for 90% of AMD-related vision loss in older
people. The majority of patients with NV-AMD progress to
blindness in the affected eye within 2 years of diagnosis and
there is a 43% probability of progression to NV-AMD in the
fellow eye within 5 years.5 The annual incidence of NV-AMD is
conservatively estimated at 130 per typical health authority of
500 000 patients (0.26 per 1000 patients).6 In the UK in 2005,
the annual incidence of NV-AMD was calculated to be around

24 000, with a prevalence of 243 000; this is predicted to rise to
over 300 000 by 2025.7

The effect of AMD on quality of life (QOL) has been markedly
underestimated.8 The loss of visual acuity (VA) associated with
NV-AMD has been shown to have a marked effect on QOL,
ranging from a 17% decrement in the QOL of the average
patient with mild AMD, to 60% in patients with very severe
AMD, equivalent to that encountered with end-stage prostate
cancer or a catastrophic stroke.4 Additionally, patients with
AMD-related visual impairment experience problems with
common activities of daily living (ADL),9 10 and in their ability
to care for self and dependants.11

Detailed documentation of the many consequences of NV-
AMD and their impact on individuals and society is essential if
rational policy decisions regarding these patients are to be
made. Although previous studies have evaluated the effect of
AMD on QOL to a certain extent, there has been no attempt to
quantify the burden of NV-AMD in its totality. The
International AMD Burden of Illness Study aimed to document
the humanistic and economic impacts of NV-AMD through a
simultaneous assessment of patients and a similar group of
subjects not affected by the disease in five countries.12 This
article reports the humanistic burden of NV-AMD and related
resource utilisation in patients and controls from the UK cohort
included in the international study.

METHODS
This was a cross-sectional, observational study of patients with
bilateral subfoveal NV-AMD recruited from five retina specialist
offices/clinics, and non-AMD controls recruited from five
general practitioner offices/clinics in the UK. Bilateral subfoveal
NV-AMD was required as QOL and functional status impair-
ment have been shown to be correlated with VA in the better-
seeing eye.13–15 Controls had best-corrected Snellen VA of >20/
40 in the better eye and were free from serious ocular
pathologies. All subjects were >50 years of age. Exclusion
criteria included participation in investigational drug studies
within 30 days prior to the survey.

UK ethics committee approval was obtained and no medical
interventions or invasive procedures were required by the study
protocol.

Potential subjects were identified during routine office visits.
Written informed consent was obtained and subjects undertook
a standardised 60-minute telephone survey administered by
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degeneration; EQ-5D, EuroQol questionnaire; HADS, Hospital Anxiety
and Depression Scale; HRU, health resource utilisation; NEI-VFQ-25,
National Eye Institute Visual Function Questionnaire; NV-AMD,
neovascular age-related macular degeneration; QOL, quality of life; VA,
visual acuity
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trained interviewers. A case report form was completed by
review of the subject’s medical record. Recorded data (within
the previous 24 months) included basic demographics, VA,
previous diagnostic tests, treatments for NV-AMD, prescribed
equipment for eyesight and vision rehabilitation, concomitant
illnesses, and other ophthalmologic diagnoses/co-morbidities.

Study survey
The survey included three validated QOL questionnaires and 12
study-specific questions. The National Eye Institute Visual
Function Questionnaire (NEI-VFQ-25), a 25-item vision-spe-
cific QOL assessment relevant to multiple eye conditions,
reflects 11 vision-related constructs plus a single general health
rating question.16 Scores on the 12 resulting subscales range
from 0 to 100, where 100 represents optimal QOL; the summary
score is the average of the 11 vision-related subscale scores. The
EuroQol (EQ-5D) assesses general health-related QOL across
five dimensions: mobility, self-care, performance of usual
activities, pain or discomfort, and anxiety or depression.17

Health state valuation scores, calculated using relative weights
(scoring coefficients) for each item, range from –0.594 to 1.00,
with a higher score indicating better QOL. The Hospital Anxiety
and Depression Scale (HADS) is designed to detect the presence
and severity of anxiety and depression mood symptoms.18 The
HADS includes 14 items, seven assessing anxiety and seven
assessing depression; subscales scores range from 0 to 21, with
higher scores representing more symptoms and poorer emo-
tional well-being. Study-specific questions were developed to
assess the occurrence of accidents/falls and related injuries, and
health resource utilisation (HRU).

Endpoints and statistical analysis
The primary endpoint was the impact of NV-AMD on NEI-VFQ-
25 summary scores in patients and compared with controls.
Other endpoints included QOL burden using the EQ-5D and
HADS, and differences in HRU. The effect of VA level on QOL
was also investigated.

Summary statistics were calculated including means and
standard deviations (SD) for continuous variables and fre-
quency distributions for categorical variables. VA was analysed
as a continuous variable in decimal units. Mean (95%
confidence interval [CI]) QOL scores (NEI-VFQ-25, EQ-5D,
HADS) and continuous HRU variables were compared between
patients and controls using analysis of covariance (ANCOVA)
models with outcomes modelled as a function of the study
group controlling for age, gender, race and co-morbidities.
Mean QOL scores across the range of VA in the better-seeing
eye (normal: better than 20/40; mild: 20/40 to better than 20/80;
moderate: 20/80 to better than 20/200; severe: 20/200 to better
than 20/400; and near blindness: 20/400 or worse) were
compared using ANCOVA models adjusting for covariates.

Unit costs for healthcare utilisation were based on the
Personal Social Services Research Unit19 with rates inflated for
2005 and the British National Formulary.20

Statistical significance was evaluated at the 0.05 level, with
no adjustments for multiple comparisons. All analyses were
performed using PC-SAS version 9.1 (SAS Institute, Cary,
North Carolina, USA).

RESULTS
Demographic and clinical characteristics
Data were collected between April and October 2005 for 75 NV-
AMD patients and 91 controls. Subject demographic and
clinical characteristics are summarised in table 1. Significant
differences in age (p,0.0001) and race (p = 0.0087) existed
between the two groups. The presence of co-morbid disease was
lower in the patient than in the control group (65.3% vs 84.6%,
respectively; p = 0.0038). A higher percentage of NV-AMD
patients had vision-related co-morbidities (p = 0.0029), while a
higher percentage of controls had other co-morbidities includ-
ing anxiety disorder (p = 0.0085), headache (p = 0.0393) and
asthma (p = 0.021).

QOL differences between study groups
NV-AMD patients had significantly reduced QOL as measured
by all validated questionnaires (fig 1). Patients had significantly
poorer NEI-VFQ-25 scores in all subscales except for General
Health and Ocular Pain compared with controls (table 2).

Impact of reduced VA on QOL measures
There was no significant association between decreasing vision-
specific NEI-VFQ-25 summary scores and the severity of vision
loss (fig 2A). There was no apparent relationship between
severity of vision loss and EQ-5D health state valuation scores
or HADS depression or anxiety subscale scores (fig 2B,C).

AMD-associated co-morbidities
Among subjects who fell (13% for both groups), the mean
number of falls was significantly higher in the AMD group than
in control patients (2.20 vs 1.17, respectively; p = 0.0442). The
number of falls was highest in those patients with severe AMD
compared with moderate or mild disease (25% vs 16.7% and
8.3%, respectively, of reported falls in the AMD group).

Health resource util isation
Compared with controls, AMD patients reported significantly
more visits to ophthalmologists (38.7% vs 15.4%; p = 0.0023),
and optometrists (62.7% vs 40.7%; p = 0.0147). Almost

Table 1 Demographic and clinical characteristics of study
sample

Characteristics
NV-AMD
(n = 75)

Control
(n = 91)

Age, years
Mean (SD) 79.6 (6.43) 65.3 (8.53)
Median 80 65
Range 60–92 50–86

Gender, n (%)
Male 28 (37.3) 46 (50.5)
Female 47 (62.7) 45 (49.5)

Race, n (%)
Caucasian 75 (100) 76 (83.5)
Black 0 (0) 1 (1.1)
Asian 0 (0) 4 (4.4)
Other 0 (0) 7 (7.7)
Missing 0 (0) 3 (3.3)

Living situation in the past 12 months, n (%)
Living with spouse or family member 46 (61.3) 71 (78.0)
Living alone 26 (34.7) 19 (20.9)
Living in assisted living facility or nursing home 3 (4.0) 1 (1.1)

Current best-corrected visual acuity in better-seeing
eye

Mean (SD) 0.26 (0.19) 0.91 (0.24)
Median 0.17 1.0
Range 0.04–0.67 0.50–1.5

Co-morbid diseases, n (%)*,�
Cataract 14 (18.7) 6 (6.6)
Glaucoma 3 (4.0) 0 (0.0)
Headache 0 (0.0) 5 (5.5)
Anxiety disorder 0 (0.0) 8 (8.8)
Asthma 1 (1.3) 9 (9.9)
Chronic neck/back pain 3 (4.0) 12 (13.2)

NV-AMD = neovascular age-related macular degeneration; SD = standard
deviation.
*Categories are not mutually exclusive. �Not all co-morbid diseases assessed are
listed. Differences between study groups are statistically significant (p,0.05) for
all listed co-morbidities. Other co-morbid diseases assessed included depression,
diabetes, chronic obstructive pulmonary disease, arthritis, heart disease, stroke
and sleep disturbance.
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three-quarters of patients (72%) were referred for low vision
rehabilitation, 44% attended rehabilitation, 46.7% were pre-
scribed vision-enhancing equipment, and 21.3% received social
benefits and transportation subsidies. Table 3 summarises
treatments received by AMD patients in the past 24 months.

A significantly higher percentage of patients required
assistance across a range of ADL compared with controls; 3.8
times more patients received assistance with ADL in general
(fig 3). More patients with severe VA (35.0%) or near-blindness
(66.7%) required ADL-related assistance compared with
patients with mild (16.7%) or moderate VA (11.1%).

Annual cost of NV-AMD patient
Total annual costs (UK£) of subjects with NV-AMD were more
than seven times higher than those of controls (table 4).

Direct vision-related costs
The greatest contributor to this outcome was diagnostic testing
(table 5), of which fluorescein angiography represented the
highest annual costs (£463.33). Only 3% of total annual costs
were attributable to previous AMD therapy and these were

largely due to single-eye treatment with verteporfin (£83.33);
intravitreal corticosteroids contributed £21.74 per year.

Direct non-vision-related medical costs
Mean direct non-vision-related medical cost constituted only
11% of total costs in the UK (table 4). The main cost driver for
this category of cost was non-vision-related medical treatment,
which was primarily due to hospital admission costs (£298.67).

Figure 1 Adjusted mean differences in QOL scores by NV-AMD and
control subjects. *Adjusted for age, race, vision-related co-morbidities and
other co-morbidities.

Table 2 Differences in NEI-VFQ-25 subscales

NEI VFQ-25
subscales

AMD (n = 75) Control (n = 91)

p
Adjusted
mean score

Adjusted
mean score

General Health 45.61 53.85 0.1622
General Vision 39.35 77.57 ,0.0001
Ocular Pain 85.33 89.38 0.1901
Near Activities 33.24 87.85 ,0.0001
Distance Activities 46.62 91.36 ,0.0001
Vision-specific:

Social function 60.47 95.38 ,0.0001
Mental health 43.18 92.16 ,0.0001
Role difficulties 47.47 92.61 ,0.0001
Dependency 49.39 94.88 ,0.0001

Driving 12.59 76.61 ,0.0001
Colour Vision 81.98 100.14 ,0.0001
Peripheral Vision 68.00 92.45 ,0.0001
Composite Score 52.67 90.67 ,0.0001

Figure 2 Adjusted mean differences in QOL scores across AMD severity
levels in better eye. *Adjusted for age, race, vision-related co-morbidities
and other co-morbidities.
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Direct non-medical-related cost
Direct non-medical-related costs were the main costs associated
with AMD patients in the UK and were significantly higher in
AMD patients than in controls (table 3). The main contributor
to these costs was assistance for daily living received and, of
this, home care was associated with the largest cost (£562.56,
14.7% of total).

DISCUSSION
This study was the first to simultaneously investigate the
consequences of NV-AMD through clinical assessments and
patient-reported QOL and HRU measures. In this cohort of
patients from the UK, bilateral NV-AMD was associated with
substantially worse QOL, poorer vision-related functioning, and
more symptoms of depression compared to control subjects
without AMD. Patients with NV-AMD required significantly
more assistance with ADL, and utilised significantly more
health resources than control subjects, with mean annual costs
of more than seven times that of subjects without AMD. In an
average health authority population of around 500 000, the
prevalence of NV-AMD is estimated at around 1946 patients.6

Based on the figures from this study, this represents a total
societal cost for such a health authority of over £7.4 million per
year, compared with only £1.0 million for equivalent patients
without NV-AMD.

The adjusted mean NEI-VFQ-25 scale score for patients was
significantly worse than for controls and comparable to that
reported in bilateral NV-AMD patients in other studies.21 22

Patients with lower VA levels generally reported worse NEI-
VFQ-25 scores, although differences in individual subscales did
not reach statistical significance, with the exception of the
ability to drive. Along with worse vision-related functioning,
patients reported significantly more symptoms of depression
compared with controls. Depression scores tended to worsen
with decreasing VA, in agreement with a reported association
between poorer VA in the better eye and higher (worse) anxiety
and depression scores in patients with NV-AMD.15

Approximately 30% of patients with AMD suffer from depres-
sion and this is a major cause of disability irrespective of the
degree of vision loss or general medical problems, even in those
patients with mild depressive symptoms.23 24

No relationship was seen between EQ-5D health state
valuation scores and VA level in patients, although overall
EQ-5D was significantly worse than controls. This finding is
consistent with another AMD study assessing the EQ-5D by VA
level in which no discernable trend was identified,25 suggesting
that the EQ-5D may not be a suitable measure in this
population. In fact, in the elderly population, the EQ-5D has
been found to be of most use where a substantial change in

health is expected,26 which may imply that the EQ-5D is not
sufficiently sensitive to measure difference across VA levels.

Patients with NV-AMD in this study needed significantly
more ADL-related assistance than controls, including home
care, transportation, administrative tasks and leisure activities.
The percentage of patients receiving ADL assistance was more
than three times that of controls, and the cost of ADL assistance
was the greatest single contributor to the annual health
resource utilisation costs for AMD patients. As would be
expected, the need for ADL-related assistance was highest in
patients with the most severe levels of VA compared with
patients with milder degrees of visual impairment. The number
of falls in the NV-AMD group was significantly more than in
controls, although this difference did not lead to a greater
incidence of fall-related fractures in these patients. The number
of falls was highest in those patients with severe VA, occurring
in a quarter of patients compared with only 8% of those with
mild VA. Poor VA has been shown to approximately double an
individual’s risk of falling, and poor vision may be responsible
for 25% to 50% of all falls in the visually impaired.27 28 Taken
together, the increase in need for ADL-related assistance and
increased risk of falls with decreasing VA suggest that
preserving vision in NV-AMD patients through earlier inter-
vention may help preserve their independence and functioning.

Patients included in this study were on average almost 15
years older than controls. However, a post-hoc analysis on age-
matched subgroups (>70 years, n = 30, mean age 75; >75
years, n = 11, mean age 80) found no relationship between age
and QOL measures.

Table 3 Treatments received by patients in the previous
24 months

NV-AMD treatment

Past 12 months Past 13–24 months

Better
eye

Worse
eye

Better
eye

Worse
eye

Verteporfin, n (%) 15 (20.0) 4 (5.3) 7 (9.3) 6 (8.0)
Mean (SD) number of treatments* 1.1 (0.3) 2.0 (0.7) 1.2 (0.4) 1.5 (1.2)
Simultaneous verteporfin treatment
in both eyes, n (%)

2 (2.7) 1 (1.3)

Mean (SD) number of treatments* 1.0 (0.0) 1.0 (n/a)
IVT corticosteroids 4 (5.3) 1 (1.3) 1 (1.3) 0 (0.0)
Mean (SD) number of treatments* 1.3 (0.5) 1.0 (n/a) 1.0 (n/a) n/a
PDT with IVT corticosteroids 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

IVT, intravitreal; NV-AMD = neovascular age-related macular degeneration; PDT,
photodynamic therapy; SD = standard deviation.
*Among subjects who received the treatment.

Figure 3 Patients receiving assistance for daily activities in AMD and
control subjects.

Table 4 Mean health resource utilisation cost between
study groups

Health utilisation cost

Costs per year (UK£)

AMD
(n = 75)

Control
(n = 91) p

Direct vision-related medical cost* 1553.14 44.76 ,0.0001
Direct non-vision-related medical cost� 431.01 412.72 0.9213
Direct non-medical related cost` 1839.74 59.57 0.0012
Total cost per patient 3823.89 517.05 ,0.0001

*Direct vision-related medical costs includes retina specialist evaluation,
diagnostic test, and previous treatment of AMD, visual rehabilitation, eye-
sight equipment, eye doctor visits, eye glasses or contact lenses. �Direct non-
vision-related medical costs represent a summary of fall-related injuries,
other accident-related injuries, depression/anxiety treatment, and non-
vision related medical treatment. `Direct non-medical related costs include
living situation costs (ie, government-sponsored assisted living facilities or
nursing homes), assistance for received daily activities, and social benefit
received.

1306 Lotery, Xu, Zlatava, et al

www.bjophthalmol.com



There are several limitations to this study. First, practice
participation was voluntary, and therefore it is possible that
sites which agreed to participate may differ from those sites
which declined. As patient participation was also voluntary, the
clinical/sociodemographic characteristics of NV-AMD patients
who declined to take part are not known. Finally, the study did
not evaluate the significant elderly patient population in
nursing homes. As a substantial percentage of such patients
may have lost independence due to ocular disease,29 our
findings may underestimate the full societal impact of NV-
AMD.

In conclusion, this study provides clear evidence of the
negative effect of bilateral, subfoveal NV-AMD on the
emotional health and functional ability of sufferers, and the
major impact of the disease on providers and society overall.
Patients reported substantially worse QOL, poorer vision-
related functioning, more depressive symptoms, more falls,
greater dependency on caregivers, and higher HRU compared
with controls without AMD. The association between deterior-
ating VA and continuous decrease in QOL and increase in need
for ADL-related assistance argues for the early detection and
treatment of NV-AMD to arrest VA loss and preserve the
patient’s independent functioning and well-being. This is
especially important in the context of the expected major
increase in the elderly population due to changing demo-
graphics. Much progress has been made in the management of
AMD; effective new therapies such as pegaptanib (Macugen)
and ranibizumab (Lucentis) are now available and early
treatment will help to reduce the overall costs to both the
individual and to society. It is, therefore, essential that
awareness of the burden of NV-AMD is raised to ensure that
the significant impact of the disease is given full consideration
when managing these patients.
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patients

Health utilisation cost
Costs per year (UK£)
(n = 75) (% total costs)

Direct vision-related medical cost 1553.14 (40.6)
Total visual rehabilitation-related costs 30.72 (0.8)
Total eye sight equipment-related costs 270.69 (7.1)
Total costs for eye doctor visits 100.81 (2.6)
Total eye glasses or contact lenses-related costs 13.60 (0.4)
Total retina specialist evaluation costs 300.00 (7.8)
Total diagnostic test-related costs 725.00 (19.0)
Total previous treatment of AMD-related costs 112.31 (2.9)
Direct non-vision-related medical cost 431.01 (11.3)
Total fall-related costs 25.27 (0.7)
Total other accident-related costs 3.19 (0.1)
Total non-vision-related medical treatment-related
costs

351.43 (9.2)

Total depression/anxiety treatment-related costs 51.12 (1.3)
Direct non-medical-related cost 1839.74 (48.1)
Total living situation-related costs 536.88 (14.0)
Total costs of assistance for daily activities received 1102.85 (28.8)
Total amount of social benefits received for visual
disability

200.01 (5.2)

Total cost per patient 3823.89 (100.0)
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